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TRANSISTORS AND ELECTRONIC DEVICES
INCLUDING THE TRANSISTORS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-0081814, filed on Aug. 17, 2011, 1n the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n 1ts entirety by reference.

BACKGROUND

1. Field

Some example embodiments relate to transistors, methods

of manufacturing the same, and electronic devices including
the transistors.

2. Description of the Related Art

Transistors are widely used as switching devices or driving,
devices 1n electronic devices. In particular, since thin film
transistors can be manufactured on glass substrates or plastic
substrates, they are efficiently used in the field of flat panel
display devices such as liquid crystal display devices and
organic light-emitting display devices.

However, when transistors are applied to optical devices
such as flat panel display devices, the characteristics of the
transistors may be changed by light. Particularly, 1n a transis-
tor having an oxide semiconductor as a channel layer (an
oxide transistor), the oxide semiconductor channel layer is
sensitive to light, and thus, the characteristics of the transistor
may be changed by light.

SUMMARY

Some example embodiments provide transistors of which
characteristic variation due to light 1s suppressed. Some
example embodiments provide methods of manufacturing the
transistors. Some example embodiments provide electronic
devices including the transistors.

Additional aspects will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion, or may be learned by practice of example embodiments.

According to an example embodiment, a transistor
includes a channel layer apart {from a gate, a source contacting
a first region of the channel layer and a drain contacting a
second region of the channel layer, and a light-blocking layer
between the gate and at least one of the channel layer, the
source and the drain. The light-blocking layer includes a
carbon-based material

The carbon-based material may have a bandgap less than
about 5.0 eV. The light-blocking layer may be a light-absorb-
ing layer. The carbon-based material may be an insulator. The
carbon-based material may include at least one of graphene
oxide and graphite oxide. The carbon-based material may be
a conductor. The carbon-based material may include at least
one of graphene and carbon nanotube (CN'T). A gate insulat-
ing layer may be between the gate and the channel layer. The
gate msulating layer may include the light-blocking layer.

The gate insulating layer may include a first nsulating
layer between the gate and the channel layer, and a second
isulating layer between the first insulating layer and the
channel layer. One of the first and second 1nsulating layers 1s
the light-blocking layer. The gate insulating layer may further
include a third insulating layer between the second insulating
layer and the channel layer.

A gate msulating layer may be configured to cover the gate,
and the channel layer, the source, and the drain may be on the
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gate isulating layer. The light-blocking layer may include a
first light-blocking layer between the source and the gate
isulating layer, and a second light-blocking layer between
the drain and the gate insulating layer.

The first and second light-blocking layers may be one of a
conductor and an 1nsulator. The first light-blocking layer may
extend between the source and the channel layer, and the
second light-blocking layer may extend between the drain
and the channel layer.

The method may further include a third light-blocking
layer between the gate and the gate insulating layer. The third
light-blocking layer may be one of a conductor and an 1nsu-
lator. The channel layer may include an oxide semiconductor.
The channel layer may include a non-oxide semiconductor.
The channel layer may be on the gate. The gate may include
an opaque material.

According to another example embodiment, a transistor
includes a channel layer apart from a gate, a source contacting
a first region of the channel layer and a drain contacting a
second region of the channel layer, and a light-blocking mem-
ber configured to block laterally incident light toward the
channel layer. The light-blocking member includes a carbon-
based material.

The carbon-based material may be an insulator. The car-
bon-based material may include at least one of graphene
oxide and graphite oxide. The carbon-based material may be
a conductor. The carbon-based material may include at least
one of graphene and carbon nanotube (CNT).

According to another example embodiment, a flat panel
display device includes the transistor. The flat panel display
device may be one of a liquid crystal display device and an
organic light-emitting display device. The transistor may be
used as one of a switching device and a driving device.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings 1n which:

FIG. 1 1s a cross-sectional view of a transistor according to
an example embodiment;

FIG. 2 1s a cross-sectional view of a transistor according to
another example embodiment;

FIG. 3 1s a cross-sectional view of a transistor according to
another example embodiment;

FIG. 4 15 a cross-sectional view of a transistor according to
another example embodiment;

FIG. 5 1s a cross-sectional view of a transistor according to
another example embodiment;

FIG. 6 1s a cross-sectional view of a transistor according to
another example embodiment;

FIG. 7 1s a cross-sectional view of a transistor according to
another example embodiment;

FIG. 8 1s a cross-sectional view of a transistor according to
another example embodiment;

FIG. 9 15 a cross-sectional view of a transistor according to
another example embodiment;

FIGS. 10A to 10C are cross-sectional views illustrating a
method of manufacturing a transistor, according to an
example embodiment;

FIGS. 11A to 11D are cross-sectional views illustrating a
method of manufacturing a transistor, according to another
example embodiment; and
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FIG. 12 1s a cross-sectional view of an electronic device
(tlat panel display device) including a transistor, according to
an example embodiment.

DETAILED DESCRIPTION

Various example embodiments will now be described more
tully with reference to the accompanying drawings in which
example embodiments are shown.

It will be understood that when an element 1s referred to as
being “connected” or “coupled” to another element, 1t can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
1s referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. As used herein the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that, although the terms “first”, “sec-
ond”, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of
example embodiments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
case ol description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device 1n use or operation in addition to the ornentation
depicted 1n the figures. For example, 1f the device 1n the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above’ the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of example embodiments. As used herein, the singu-
lar forms “a,” “an” and “the”” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specily the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Example embodiments are described herein with reference
to cross-sectional 1llustrations that are schematic 1llustrations
of 1dealized embodiments (and intermediate structures) of
example embodiments. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments should not be construed as limited to
the particular shapes of regions 1llustrated herein but are to
include deviations 1n shapes that result, for example, from
manufacturing. For example, an implanted region illustrated
as a rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at 1ts edges rather
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than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some 1mplantation 1n the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the figures are
schematic in nature and their shapes are not intended to 1llus-
trate the actual shape of a region of a device and are not
intended to limit the scope of example embodiments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined 1n commonly-used
dictionaries, should be interpreted as having a meanming that 1s
consistent with their meaning 1n the context of the relevant art
and will not be mterpreted 1n an 1dealized or overly formal
sense unless expressly so defined herein.

Reterence will now be made 1n detail to embodiments,
examples of which are illustrated 1n the accompanying draw-
ings, wherein like reference numerals refer to like elements
throughout. In this regard, the present embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein. Accordingly, the embodi-
ments are merely described below, by referring to the figures,
to explain aspects of the present description.

FIG. 1 1s a cross-sectional view of a transistor according to
an example embodiment. Referring to FIG. 1, a gate G1 may
be disposed on a substrate SUB1. The substrate SUB1 may be
a glass substrate or may be any substrate used in a general
semiconductor device process, for example, a plastic sub-
strate, a silicon substrate, or the like. After an insulating
material layer (not shown) 1s formed on the substrate SUBI,
the gate G1 may be formed thereon. The 1nsulating material
layer may be, for example, a silicon oxide layer.

The gate G1 may be formed of a conventional electrode
material, such as metal and a conductive oxide. The gate G1
may be opaque. A gate insulating layer GI1 may be disposed
on the substrate SUB1 so as to cover the gate G1. The gate
insulating layer GI1 may include silicon oxide, silicon oxyni-
tride, or silicon nitride, or any other materials such as ahigh-k
dielectric material having a higher dielectric constant than the
silicon nitride. The gate insulating layer GI1 may have a
single-layer or multi-layer structure.

A lhight-blocking layer LB1 may be disposed on the gate
insulating layer GI1. The light-blocking layer L B1 may be an
isulating layer including a carbon-based material. For
example, the light-blocking layer LB1 may include graphene
oxide or graphite oxide as the carbon-based material. The
carbon-based matenal of the light-blocking layer LB1 may
have a bandgap less than about 5.0 eV. Bandgaps of the
graphene oxide and the graphite oxide may respectively be
about 2.4 eV. Since the light-blocking layer LB1 including the
carbon-based material has a lower bandgap, the light-block-
ing layer LB1 may absorb light. Accordingly, the light-block-
ing layer LB1 may be regarded as a ‘light-absorbing layer’. In
addition, since the carbon-based material 1s black, the light-
blocking layer LB1 may be a black layer. Functions of the
light-blocking layer LB1 will be described later in more
detail.

The light-blocking layer LB1, which 1s an insulating layer
interposed between the gate G1 and a channel layer C1, may
be regarded as a gate insulating layer. Thus, the gate msulat-
ing layer GI1 may bereferred to as a first gate insulating layer,
and the light-blocking layer LB1 may be referred to as a
second gate msulating layer. In this regard, the gate insulating
layer GI1 and the light-blocking layer LB1 may constitute a
gate 1nsulating layer having a multi-layer structure. The
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multi-layered gate insulating layer GI1+LB1 includes first
and second insulating layers, wherein the first insulating layer
may be the gate msulating layer GI1, and the second msulat-
ing layer may be the light-blocking layer LB1.

The channel layer C1 may be disposed on the light-block-
ing layer LB1. The channel layer C1 may be disposed above
the gate G1. The width of the channel layer C1 1n the X-axis
direction may be relatively less than the width of the gate G1
in the X-axis direction. However, the width of the channel
layer C1 with respect to the gate G1 1s 1llustrative and may
vary. If desired, the width of the gate G1 may be similar to or
less than that of the channel layer C1. The channel layer C1
may include an oxide semiconductor. For example, the chan-
nel layer C1 may include a ZnO-based oxide semiconductor.
However, the ZnO-based oxide semiconductor 1s 1llustrative
and any other oxide semiconductors may also be used.

If the channel layer C1 includes an oxide semiconductor,
the characteristics of the transistor may be improved due to
desirable properties of the oxide semiconductor, such as high
mobility. However, the material used to form the channel
layer C1 does not preclude a non-oxide semiconductor. That
1s, the channel layer C1 may also be formed of a non-oxide
semiconductor. In this case, the channel layer C1 may include
amorphous silicon or polycrystalline silicon, or various com-
pound semiconductors (non-oxide semiconductors).

A source electrode S1 and a drain electrode D1 may be
disposed on the light-blocking layer LB1 so as to respectively
contact both ends of the channel layer C1. The source elec-
trode S1 may contact a first end of the channel layer C1 and
extend on a portion of the light-blocking layer LB1 at the first
end of the channel layer C1. Stmilarly, the drain electrode D1
may contact a second end of the channel layer C1 and extend
on a portion of the light-blocking layer LB1 at the second end
of the channel layer C1. The source electrode S1 and the drain
clectrode D1 may include the same material as the gate G1 or
different material than the gate G1. The source electrode S1
and the drain electrode D1 may have a single-layer or multi-
layer structure.

Functions of the light-blocking layer LB1 will be described
in more detail. The light-blocking layer LB1 may block a
laterally incident light .1 that 1s incident into the channel
layer C1. That 1s, the light-blocking layer LB1 may block
light that 1s laterally incident from a side of the transistor
toward the channel layer C1, that 1s, the laterally incident light
L.1. The laterally incident light L1 that 1s 1rradiated on the
light-blocking layer LB1 may be mostly absorbed by the
light-blocking layer LB1 and partially reflected toward the
gate (1. Light L2 incident from below the channel layer C1
may be mostly blocked by the gate G1. If the light-blocking,
layer LB1 1s notincluded, light 1s easily incident from sides of
the transistor on the channel layer C1, and thus, characteris-
tics of the channel layer C1 may be changed.

A flat panel display device may include a backlight unit
(not shown) below a lower substrate that includes a transistor
array and a pixel electrode array, and light may be 1rradiated
by the backlight unit onto the lower substrate. In this regard,
if a large amount of light 1s incident on the transistor, the
characteristics of the transistor may be changed, and thus,
reliability of the flat panel display device may be deteriorated.
However, as 1n the current embodiment, i1 the laterally 1nci-
dent light L1 that i1s laterally incident from a side of the
transistor toward the channel layer C1 1s blocked by using the
light-blocking layer LB1, reliability of the transistor with
regard to light may be improved.

The structure of the transistor shown in FIG. 1 may be
changed. For example, in FIG. 1, the light-blocking layer LB1
1s disposed on the gate insulating layer GI1. However, accord-
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6

ing to another embodiment, the light-blocking layer LB1 may
be disposed within the gate insulating layer GI1. That 1s, the
light-blocking layer LB1 may be interposed between a lower
gate insulating layer and an upper gate insulating layer. An
example thereof1s shown in FIG. 2. FIG. 21s a cross-sectional
view ol a transistor according to another example embodi-
ment.

Referring to FIG. 2, alower gate insulating layer GI1 may
be disposed to cover the gate G1, and an upper gate insulating
layer GI2 may be disposed thereon. The light-blocking layer
L.B1 may be disposed between the lower gate insulating layer
GI1 and the upper gate insulating layer GI12. The light-block-
ing layer LB1 may be regarded as a portion of a gate insulat-
ing layer. Accordingly, the lower gate insulating layer GI1
may be referred to as a first gate insulating layer, the light-
blocking layer LB1 may be referred to as a second gate
insulating layer, and the upper gate msulating layer GI2 may
be referred to as a third gate insulating layer. In this regard, the
lower gate imnsulating layer GI1, the light-blocking layer LB1,
and the upper gate msulating layer GI2 may constitute a gate
insulating layer having a multi-layer structure. In the struc-
ture shown 1n FI1G. 2, the light-blocking layer LB1 may block
the laterally incident light L1 incident on the channel layer
C1.

In FI1G. 1, the light-blocking layer LB1 is disposed on the
gate insulating layer GI1. However, according to another
example embodiment, the positions of the light-blocking
layer LB1 and the gate insulating layer GI1 may be
exchanged. An example thereof 1s shown 1n FIG. 3. FIG. 3 1s
a cross-sectional view of a transistor according to another
example embodiment.

Referring to FIG. 3, a light-blocking layer LB1' may be
disposed to cover the gate G1, and a gate insulating layer GI1'
may be disposed on the light-blocking layer LB1'. In this
case, the light-blocking layer LB1'may be referred to as a first
gate insulating layer, and the gate insulating layer GI1' may be
referred to as a second gate msulating layer. Accordingly, the
light-blocking layer LB1' and the gate msulating layer GI1'
may constitute a gate msulating layer having a multi-layer
structure.

The multi-layered gate insulating layer LB1'+GIT'

includes the first isulating layer and the second insulating
layer, wherein the first insulating layer may be the light-
blocking layer LB1', and the second insulating layer may be
the gate insulating layer GI1'. A channel layer C1, a source
clectrode S1, and a drain electrode D1 may be disposed onthe
gate insulating layer GI1'. In the structure shown in FI1G. 3, the
light-blocking layer LB1 may block the laterally incident
light L1 incident on the channel layer C1.
I1 the light-blocking layers LB1 and LB1' are not included
in the structures shown 1n FIGS. 1 to 3, light L1 may be more
casily mcident from a side of the transistor on the channel
layer C1. The light L1 may be incident on the channel layer
C1 directly or by multiple reflections. Thus, 11 the light-
blocking layers LB1 and LB1' are not provided, the charac-
teristics of the channel layer C1 may be more easily changed
by light. If the channel layer C1 1s an oxide semiconductor
layer that 1s sensitive to light, the characteristics thereof may
be more easily changed. However, 1n the light-blocking layers
[LB1 and LB1' according to the embodiments 1llustrated in
FIGS. 1 to 3, the laterally incident light .1 may be prevented
or inhibited from being incident on the channel layer C1.

In the structures shown 1n FIGS. 1 to 3, the light-blocking
layers LB1 and LB1' may block not only the laterally incident
light L1 but also light L2 incident from below the channel
layer C1 (hereinafter, referred to as bottom incident light). If
the gate G1 1s transparent, the gate G1 cannot block the
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bottom incident light L.2. However, since the light-blocking,
layers LB1 and LB1' extend to screen the bottom surface of
the channel layer C1 and the bottom surfaces of the source/
drain electrodes S1 and D1 that are disposed at both sides of
the channel layer C1, the bottom incident light .2 may be
eificiently blocked by the light-blocking layers LB1 and
LB1".

Additionally, FIGS. 1 to 3 show diflerent gate insulating
layers GI1, GI1', and GI2 waith the light-blocking layers LB1
and LB1'. However, 1f desired, different gate mnsulating layers
GI1, GI1', and GI2 may not be used. That 1s, since the light-
blocking layers LB1 and LB1' may function as gate insulating,
layers, the different gate insulating layers GI1, GI1', and GI2
may not be used.

FIG. 4 1s a cross-sectional view of a transistor according to
another example embodiment. Referring to FIG. 4, a gate
G10 may be disposed on a substrate SUB10, and a gate
isulating layer GI10 may be disposed to cover the gate G10.
The material and structure of the substrate SUB10, the gate
(510, and the gate msulating layer G110 may be substantially
the same as or similar to those of the substrate SUB1, the gate
(o1, and the gate msulating layer GI1 of FIG. 1, respectively.
A channel layer C10 may be disposed on the gate insulating
layer GI10, and a source electrode S10 and a drain electrode
D10 may be disposed to respectively contact both ends of the
channel layer C10. The material and structure of the channel
layer C10, the source electrode S10, and the drain electrode
D10 may be substantially the same as or similar to those of the
channel layer C1, the source electrode S1, and the drain
clectrode D1 of FIG. 1, respectively.

A first light-blocking layer LB10 may be disposed between
the source electrode S10 and the gate msulating layer GI10,
and a second light-blocking layer LB20 may be disposed
between the drain electrode D10 and the gate insulating layer
(GI10. The first light-blocking layer LB10 may be disposed on

the gate msulating layer GI10 to extend to outside of the
source electrode S10. Similarly, the second light-blocking
layer LB20 may be disposed on the gate insulating layer G110
to extend to outside of the drain electrode D10.

The first and second light-blocking layers LB10 and LB20

may include a conductor including a carbon-based material.
For example, the first and second light-blocking layers LB10
and .B20 may include graphene or carbon nanotube (CNT)
as the carbon-based material (conductor). If the first and
second light-blocking layers LB10 and LB20 include
graphene, each of the first and second light-blocking layers
[LB10 and LB20 may have a structure in which several to
several tens of layers, for example, about 1 to 10 layers, of

graphene are stacked. If the first and second light-blocking
layers LB10 and LB20 include CNT, each of the first and

second light-blocking layers LB10 and LB20 may have a
network structure including a plurality of CNTs.

Since conductive carbon-based materials such as graphene
and CN'T have a bandgap of zero (0) or close to zero, the first
and second light-blocking layers LB10 and LB20, including
the conductive carbon-based materials, may function as a
‘light-absorbing layer’. In particular, the bandgap of
graphene 1s linearly changed externally from a Dirac point,
and thus, graphene may absorb light 1n a wide wavelength
range. In addition, since the graphene and CNT are black
materals, the first and second light-blocking layers LB10 and
[LB20 may be black layers. The first and second light-block-
ing layers LB10 and L.B20 including the carbon-based mate-
rial may block the laterally incident light .1 incident on the
channel layer C10. As such, if the first and second light-
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blocking layers LB10 and LB20 are conductors, they may be
regarded as portions of the source electrode S10 and the drain

clectrode D10, respectively.

The first and second light-blocking layers LB10 and LB20
may include a carbon-based 1nsulator, as the light-blocking
layer LB1 of FIG. 1. That 1s, the first and second light-

blocking layers LB10 and LB20 may include a carbon-based
insulator such as graphene oxide or graphite oxide. In FIG. 4,
the structure of the first and second light-blocking layers
LB10 and LB20 may be modified variously. Examples
thereof are shown 1n FIGS. 5to 7.

Referring to FIG. 5, first and second light-blocking layers
[L.LB11 and L.B21 may respectively have a structure that does
not extend to outside of the source electrode S10 and the drain
clectrode D10 (non-extending structure).

Referring to FIG. 6, a first light-blocking layer L B12 may
have a structure extending between the source electrode S10
and the channel layer C10. Similarly, a second light-blocking
layer LB22 may have a structure extending between the drain
clectrode D10 and the channel layer C10. In this case, the first
and second light-blocking layers LB12 and LB22 may be
formed of conductors. The conductor may include a carbon-
based material such as graphene or CNT. The first and second
light-blocking layers LB12 and LB22 are formed on the gate
insulating layer GI10 to extend to outside of the source elec-
trode S10 and the drain electrode D10 1n FIG. 6, respectively.
If desired, however, as shown 1n FIG. 5, the first and second
light-blocking layers .B12 and .B22 may not extend.

Referring to FI1G. 7, first and second light-blocking layers
[LB13 and LLB23 may respectively extend between the chan-
nel layer C10 and the gate msulating layer GI10 by a prede-
termined or given length. In other words, the channel layer

C10 may have a structure that covers the ends of the first and
second light-blocking layers LB13 and LB23. As such, 11 the

first and second light-blocking layers LB13 and LB23 have a
structure extending between the channel layer C10 and the
gate insulating layer GI10, the laterally incident light L1 may
be more efficiently blocked by the first and second light-
blocking layers LB13 and LB23.

FIG. 8 1s a cross-sectional view of a transistor according to
another example embodiment. The transistor has a structure
modified from that shown in FIG. 4. Referring to FIG. 8, a
third light-blocking layer L B30 may further be disposed to
cover the gate G10. The third light-blocking layer LB30 may
include a conductor or insulator including a carbon-based
material. For example, the third light-blocking layer LB30
may include a carbon-based conductor such as graphene or
CNT, or a carbon-based 1nsulator such as graphene oxide or
graphite oxide. The structure shown in FIG. 8 may be the
same as that shown in FIG. 4, except that the third light-
blocking layer LB30 1s provided.

I1 the third light-blocking layer L B30 1s further provided as
shown 1n FIG. 8, light L1' that 1s not absorbed by the first or
second light-blocking layers LB10 and L.B20 and reflected
may be incident on the third light-blocking layer L B30 and
absorbed thereby. Thus, a light blocking effect may be
improved by the third light-blocking layer LB30. In addition,
the third light-blocking layer LB30 may block the bottom
incident light L.2. If the gate G10 is transparent or semi-
transparent, the effect of blocking the bottom incident light
.2 may be improved by the third light-blocking layer LB30.

In FIG. 8, the third light-blocking layer LB30 has a struc-
ture that covers the top surface and both sides of the gate G10.
However, this structure of the third light-blocking layer LB30
may be modified variously. An example thereof 1s shown in
FIG. 9.
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Referring to FIG. 9, a third light-blocking layer LB30' may
be formed only on the top surface of the gate (G10. That 1s,
both sides of the gate G10 may not be covered by the third
light-blocking layer LB30'. In this case, the light LL1' that 1s
not absorbed by the first or second light-blocking layer L B10
or LB20 and retlected may be absorbed by the third light-
blocking layer LB30'. In addition, the third light-blocking,
layer LB30' may block the bottom incident light 1.2.

FIGS. 8 and 9 show third light-blocking layers LB30 and
[LB30' added to the structure of FIG. 4. Sitmilarly, third light-
blocking layers LB30 and LB30' may also be applied to the
structures shown 1n FIGS. 5 to 7.

As such, according to example embodiments, light-block-
ing layers LB1, LB1', LB10 to LB13, LB20 to LB23, LB30,
and LB30' are disposed between the gate G1 and G10 and at
least one of the channel layer C1 and C10, the source elec-
trode S1 and S10, and the drain electrode D1 and D10. As a
result, light incident on the channel layers C1 and C10 from
sides and bottom of the transistor may be blocked, so that
changes of characteristics of the channel layers C1 and C10
and changes of characteristics of the transistor may be
reduced.

In addition, at least two of the structures of the light-
blocking layers shown 1in FIGS. 1 to 9 may be combined with
cach other. For example, one of the light-blocking layers
shown 1 FIGS. 1 to 3 may be combined with one of the
light-blocking layers shown 1n FIGS. 4 to 9.

FIGS. 10A to 10C are cross-sectional views 1llustrating a
method of manufacturing a transistor, according to an
example embodiment. According to the current embodiment,
a method of manufacturing the transistor shown i FIG. 1 1s
provided.

Referring to FIG. 10A, a gate G1 may be formed on a
substrate SUB1. The substrate SUB1 may be a glass substrate
or may be any substrate used in a conventional semiconductor
device process, for example, a plastic substrate, a silicon
substrate, or the like. After an msulating material layer (not
shown) 1s formed on the substrate SUB1, the gate G1 may be
formed thereon. The insulating material layer may be, for
example, a silicon oxide layer. The gate G1 may be formed of
a conventional electrode material, such as metal and a con-
ductive oxide. The gate G1 may be opaque.

Referring to FIG. 10B, a gate insulating layer GI1 may be
formed so as to cover the gate G1. The gate insulating layer
(GI1 may 1nclude silicon oxide, silicon oxynitride, or silicon
nitride, or any other materials such as a high-k dielectric
material having a higher dielectric constant than the silicon
nitride. The gate insulating layer GI1 may have a single-layer
or multi-layer structure. A light-blocking layer LB1 may be
formed on the gate 1mnsulating layer GI1. The light-blocking
layer LB1 may include a carbon-based material (insulator).

For example, the light-blocking layer LB1 may include
graphene oxide or graphite oxide. The carbon-based material
of the light-blocking layer LB1 may have a bandgap less than
about 5.0 ¢V. Bandgaps of the graphene oxide and the graph-
ite oxide may respectively be about 2.4 ¢V. The light-blocking
layer LB1 that 1s an insulating layer may be regarded as a
portion of a gate insulating layer. Thus, the gate mnsulating
layer GI1 may be referred to as a first gate insulating layer,
and the light-blocking layer LB1 may be referred to as a
second gate msulating layer.

Referring to FIG. 10C, a channel layer C1 may be formed
on the light-blocking layer LB1. The channel layer C1 may be
disposed above the gate G1 and may have a width less than
that of the gate G1. However, the width of the channel layer
C1 with respect to the gate G1 may vary. If desired, the width
of the channel layer C1 may be similar to that of the gate (G1,
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or greater than that of the gate G1. The channel layer C1 may
include an oxide semiconductor, but may also include a non-
oxide semiconductor. A source electrode S1 and a drain elec-
trode D1, which respectively contact both ends of the channel
layer C1, may be formed. The source electrode S1 and the
drain electrode D1 may be formed of the same materal as that
of the gate G1 or a different material than the gate GG1.

The structures of transistors shown 1n FIGS. 2 and 3 may be
manufactured by moditying the method of manufacturing a
transistor described with reference to FIGS. 10A to 10C.
Forming the structures of the transistors shown in FIGS. 2 and
3, as obvious to one of ordinary skill 1n the art, can be per-
formed by moditying the method of manufacturing a transis-
tor described above with reference to FIGS. 10A to 10C.
Thus, descriptions thereof will be omitted herein.

FIGS. 11A to 11D are cross-sectional views 1llustrating a
method of manufacturing a transistor, according to another
example embodiment. According to the current embodiment,
a method of manufacturing the transistor shown in FIG. 4 1s
provided.

Referring to FIG. 11A, a gate G10 may be formed on a
substrate SUB10. A gate mnsulating layer GI1 may be formed
so as to cover the gate G10. A light-blocking layer LB100
may be formed on the gate insulating layer GI10. The light-
blocking layer LB100 may include a carbon-based material.
The carbon-based material may be a conductor or insulator.
For example, the conductor may be graphene or CNT, and the
insulator may be graphene oxide or graphite oxide.

Reterring to FIG. 11B, first and second light-blocking lay-
ers LB10 and LB20 may be formed by patterning the light-
blocking layer LB100, and the gate insulating layer GI10
between the first and second light-blocking layers LB10 and
L.B20 may be exposed. The exposed portion of the gate 1nsu-
lating layer GI10 may be above the gate G10. A channel layer
C10 (not shown) may be formed 1n the exposed portion of the
gate msulating layer GI10 by a subsequent process.

Referring to FIG. 11C, the channel layer C10 may be
tormed on the gate insulating layer G110 between the first and
second light-blocking layers LB10 and .B20. The channel
layer C10 may have a width less than that of the gate G10.
However, the width of the channel layer G10 with respect to
the gate C10 may vary. The channel layer C10 may include an
oxide semiconductor or a non-oxide semiconductor.

Reterring to FIG. 11D, a source electrode 510 and a drain
clectrode D10, which respectively contact both ends of the
channel layer C10, may be formed. The source electrode S10
and the drain electrode D10 may be formed of the same
material as that of the gate G10 or a different material than the
gate (310.

The structures of transistors shown 1n FIGS. 5 to 9 may be
manufactured by moditying the method of manufacturing a
transistor described with reference to FIGS. 11A to 11D.
Forming the structures of the transistors shown in FIGS. 5 to
9, as obvious to one of ordinary skill in the art, can be per-
formed by moditying the method of manufacturing a transis-
tor described above with reference to FIGS. 11A to 11D.
Thus, descriptions thereof will be omitted herein.

As described above, according to example embodiments,
reliable high performance transistors of which variations in
characteristics due to light are suppressed may be efficiently
manufactured.

A transistor according to an example embodiment may be
applied to a flat panel display device, such as a liquid crystal
display device or an organic light-emitting display device, as
a switching device or a driving device. As described above, a
transistor according to an example embodiment has less char-
acteristic variations due to light and desirable operational
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characteristics. Therefore, 1f a transistor according to an
example embodiment 1s applied to a flat panel display device,
the reliability and performance of the flat panel display device
may be improved. Furthermore, a transistor according to an
example embodiment may be applied not only to a flat panel
display device, but also to various electronic devices, such as
a memory device or a logic device, for various purposes.

FIG. 12 1s a cross-sectional view of an electronic device
(flat panel display device) including a transistor, according to
an example embodiment. The electronic device (flat panel
display device) according to the current embodiment 1s a
liquad crystal display device.

Referring to FIG. 12, a liquid crystal layer 150 may be
disposed between a first substrate 100 and a second substrate
200. The first substrate 100 may be an array substrate includ-
ing a transistor according to an example embodiment, for
example, at least one of the transistors shown in F1IGS. 1109,
as a switching device or a driving device. The first substrate
100 may include a pixel electrode (not shown) connected to
the transistor. The second substrate 200 may include a counter
clectrode (not shown) corresponding to the pixel electrode.
Alignment of the liquid crystal layer 150 may vary according
to a voltage applied between the first substrate 100 and the
second substrate 200. The electronic device including the
transistor according to an example embodiment 1s not limited
to the structure shown 1n FIG. 12 and structures of the elec-
tronic device may vary.

While the inventive concepts have been particularly shown
and described with reference to example embodiments
thereot, 1t will be understood by one of ordinary skill 1n the art
that various changes in form and details may be made therein
without departing from the spirit and scope of the appended
claims. For example, 1t would have been obvious to one of
ordinary skill in the art that structures of the transistors shown
in FIGS. 1 to 9 may be modified variously. For example,
light-blocking layers LB10 to LB13 and LB20 to LB23 of
FIGS. 4 to 7 may include a semiconductor instead of a con-
ductor or an insulator. Since graphene and CNT may have
characteristics of semiconductors according to their struc-
tures or conditions for forming them, the light-blocking lay-
ers LB10 to LB13 and LB20 to LB23 may be formed using
graphene or CNT having characteristics of semiconductors.

In addition, a transistor according to an example embodi-
ment may have a double gate structure, and the channel layers
C1 and C10 may have multi-layer structures. Furthermore,
the methods of manufacturing a transistor described with
reference to FIGS. 10A to 10C and FIGS. 11A to 11D may be
modified variously. Furthermore, the structure of the flat
panel display device shown in FIG. 12 may be modified
variously. Furthermore, 1t would have been obvious to one of
ordinary skill in the art that the idea of inventive concepts may
be applied not only to an oxide thin film transistor, but also
other transistors. Therefore, the scope of the mventive con-
cepts 1s defined not by the detailed description but by the
appended claims, and all differences within the scope will be
construed as being included.

What 1s claimed 1s:

1. A transistor comprising;

a channel layer apart from a gate, the channel layer having
first and second surtaces, the first surface being between
the gate and the second surface;

a source contacting a first region of the channel layer and a
drain contacting a second region of the channel layer;
and

a light-blocking layer between the gate and at least one of
the channel layer, the source and the drain, the light-
blocking layer being configured to block laterally 1nci-
dent light toward the channel layer, and the light-block-
ing layer including a carbon-based material,
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wherein the light-blocking layer overlaps whole of the
bottom surfaces of the source and the drain, the bottom
surfaces being outside of the channel layer 1n a horizon-
tal direction, and

wherein the light-blocking layer 1s spaced apart from at

least a center portion of the first surface of the channel
layer.

2. The transistor of claim 1, wherein the carbon-based
material has a bandgap less than about 5.0 V.

3. The transistor of claim 1, wherein the light-blocking
layer 1s a light-absorbing layer.

4. The transistor of claim 1, wherein the carbon-based
material 1s an msulator.

5. The transistor of claim 4, wherein the carbon-based
material includes at least one of graphene oxide and graphite
oxide.

6. The transistor of claim 1, wherein the carbon-based
material 1s a conductor.

7. The transistor of claim 6, wherein the carbon-based

material includes at least one of graphene and carbon nano-
tube (CNT).

8. The transistor of claim 1, further comprising:

a gate msulating layer between the gate and the channel
layer, the gate insulating layer including the light-block-
ing layer.

9. The transistor of claim 8, wherein the gate nsulating

layer comprises:

a first mnsulating layer between the gate and the channel
layer; and

a second 1nsulating layer between the first insulating layer
and the channel layer,

wherein one of the first and second insulating layers is the
light-blocking layer.

10. The transistor of claim 9, wherein the gate insulating

layer turther comprises:

a third insulating layer between the second insulating layer
and the channel layer.

11. The transistor of claim 1, wherein a gate isulating
layer 1s configured to cover the gate, and the channel layer, the
source and the drain are disposed on the gate insulating layer.

12. The transistor of claim 11, wherein the light-blocking
layer comprises:

a first light-blocking layer between the source and the gate

insulating layer; and

a second light-blocking layer between the drain and the
gate msulating layer.

13. The transistor of claim 12, wherein the first and second

light-blocking layers are one of a conductor and an insulator.

14. The transistor of claim 12, wherein

the first light-blocking layer extends between the source
and the channel layer, and the second light-blocking
layer extends between the drain and the channel layer.

15. The transistor of claim 12, further comprising;:

a third light-blocking layer between the gate and the gate
insulating layer.

16. The transistor of claim 15, wherein the third light-

blocking layer 1s one of a conductor and an insulator.

17. The transistor of claim 1, wherein the channel layer
includes an oxide semiconductor.

18. The transistor of claim 1, wherein the channel layer
includes a non-oxide semiconductor.

19. The transistor of claim 1, wherein the channel layer 1s
on the gate.

20. The transistor of claim 1, wherein the gate includes an
opaque material.

21. A transistor comprising:

a channel layer disposed apart from a gate, the channel

layer having first and second surfaces, the first surface

being between the gate and the second surface;
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a source contacting a first region of the channel layer and a
drain contacting a second region of the channel layer;
and

a light-blocking member configured to block laterally inci-
dent light toward the channel layer, the light-blocking 5
member imncluding a carbon-based material,

wherein the light-blocking member overlaps whole of the
bottom surfaces of the source and the drain, the bottom
surfaces being outside of the channel layer 1n a horizon-
tal direction, and 10

wherein the light-blocking member 1s spaced apart from at
least a center portion of the first surface of the channel
layer.

22. The transistor of claim 21, wherein the carbon-based
material 1s an nsulator. 15
23. The transistor of claim 22, wherein the carbon-based
material includes at least one of graphene oxide and graphite

oxide.

24. The transistor of claim 21, wherein the carbon-based
material 1s a conductor. 20
25. The transistor of claim 24, wherein the carbon-based
material includes at least one of graphene and carbon nano-

tube (CNT).

26. A tlat panel display device comprising the transistor of
claim 1. 25
27. The tlat panel display device of claim 26, wherein the
transistor 1s used as one of a switching device and a driving,

device.
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